To prevent a decline in gait with age, it is necessary to investigate age-related changes in gait performance and detect related factors. The purpose of this study was to assess the association between gait ability and leg extension power among middle-aged and elderly people. Height, weight, maximum gait velocity (MGV) and leg extension power (LEP) were measured in 752 males and females who participated in the National Institute for Longevity Sciences, Longitudinal Study of Aging (NILS-LSA). Age-related changes in MGV and LEP and the association between MGV and LEP were assessed. There were significant decline trends in height, weight, MGV and LEP with advancing age (p<0.001). MGV showed a significantly positive correlation with LEP (in males: r=0.48 p<0.001, in females: r=0.47; p<0.001). Subjects aged 60yrs and over showed a significantly higher correlation than those under 60yrs in males, but not in females, after adjustment for height and weight. Although the relationships between MGV and LEP were different by age and gender, LEP may be one of the important factors in maintaining gait ability.
INTRODUCTION
The National Institute for Longevity Sciences has conducted a multidisciplinary longitudinal study on aging, called the NILS-LSA (National Institute for Longevity Sciences, Longitudinal Study of Aging). In this project, the normal aging process has been assessed by detailed questionnaires and examinations including clinical evaluations, blood chemical tests, anthropometry measurements, physical function tests, nutritional analysis, and psychological tests 1). Although gait is an essential part of daily living throughout life, many studies have reported an age-related decline in gait ability 2-6). Thus, in the NILS-LSA, gait has been one of the main research items, and gait step length, pitch, velocity, leg strength, leg extension power (LEP) and static balance have been measured in the gait assessment.
Since maximum performance is considered to indicate the capacity for physical ability, maximum gait velocity (MGV) is regarded as one of the most important measurements of gait ability 2). On the other hand, muscle strength generates the force to move. It was reported that leg strength7-9) and leg extension power 10) were profoundly related to gait performance. However, in Japan, attempts to measure and study MGV and LEP at the same time among community dwelling adults have been rare. Therefore, we have paid attention to MGV and LEP among the participants in the NILS-LSA.
The purpose of this study was to investigate MGV, LEP, and their association among middle-aged and elderly people in the NILS-LSA. The effect of age on this association with controlling for anthropometry measurements was also examined.
MATERIAL AND METHODS

Subject
The data for this study was derived from baseline data collected as part of the NILS-LSA 1). The subjects consisted of RESULTS Table 1 summarizes the height and weight of the subjects by decade of age and gender. There were significant declines with advancing age in height and weight in both genders (Trend: P<0.001). Figure 1 shows the results of MGV by decade of age and gender. For MGV, there were significant declines with age for both genders (p<0.001). Females in their 70s showed extremely low velocities.
The results of LEP are shown in Figure 2 . LEP in males was significantly stronger than that in females among all age groups (p<0.001). In both genders, there were significant declines in LEP with age (Trend: p<0.001).
The correlation coefficients were examined among age, height, weight, MGV and LEP in both genders (Table 2) . Regarding to MGV, age was negatively correlated with MGV in both genders (in males: r=-0.43, in females: r=-0.54, p<0.001). MGV showed a positive correlation with height (r=-0.40, 0.39) and LEP (r=0.48, 0.47) in both genders. Weight showed a positive correlation with MGV in males (r=0.28), but no significant correlation with MGV in females. LEP showed the highest correlation among all variables, with MGV in males, and there was also a positive correlation in females. As it appeared that there were age and gender differences in the association among MGV and other variables, the correlation of LEP with MGV, after controlling for height and weight, was examined by age group (Table 3) . The correlation was significant in older males, younger females and older females but not in younger males. The correlation coefficients were compared between the younger group and older group. Although the older group showed a higher correlation than the younger group in both genders, a significant difference between two age groups was found only in males.
DISCUSSION
In this study, MGV declined significantly with advancing age in both genders, as reported in previous studies 2-5). Bohannon et al. showed gait velocity can be expected to reduce in individuals of greater age, lower height and lower extremity muscle strength in subjects aged 20-79 years 2). Our results were in agreement with theirs. Cunningham et al. reported anthropometric variables like height and weight had a relationship with gait and self-selected walking pace 14). In our study, the subjects' heights and weights decreased with aging. The age-related decline in MGV may be due to these anthropo- Table 3 . Pearson's correlation coefficients between MGV and LEP adjusted for height and weight dividing age groups (cut off point 60yrs) by gender.
metric changes. However, we have confirmed the decline in gait velocity with aging after controlling for anthropometric variables 15). It is possible that there were other physiological functions, as well as anthropometric variables, which influenced the age-related decline in this study. LEP showed a significant decline with advancing in age for both genders. Many previous studies reported that age-related declines were observed in muscle strength 7-9, 16) and muscle power 11.17,18) Vito et al. 18 ) discussed that age-related decrement in muscle power were accompanied by muscle quality changes, such as a change in the ability of the nerve system, myosin heavy chain II (MHC-II) reduction 19) or Type II fiber reduction 20). Although the cause of age-related muscle power changes are still unclear, a change in muscle quality may bring on a decline in LEP. In this study, we assessed the relationship between MGV and LEP, and LEP was positively correlated with MGV with statistical significance. Rantanen et al. 10) found a similar trend in their study. LEP may thus be one of the most important factors regarding gait ability. In the present study, the correlation between MGV and LEP was significant among females and older males, even after controlling for anthropometry measurements. These results suggested an increase in power improved gait velocity in these groups. They may be situated within the critical power range for walking. While, LEP did not correlate with MGV significantly among younger males. In this group, LEP was probably not a limiting factor for gait velocity.
Our results showed that the correlation between MGV and LEP was higher in older groups than in younger groups, especially among males. These results suggested that the relationship between MGV and LEP might be non-linear. Buchner et al. reported that the relationship between walking speed and leg strength was non-linear and that there was a threshold in leg strength needed to maintain gait velocity 21). Buchner et al. also insisted that the non-linear relationship between gait velocity and leg strength represented a mechanism by which small changes in physiological capacity may produce relatively large effects on performance in frail adults, while large changes in capacity have little or no effect on daily function in healthy adults. Our study supports their results, and suggests the importance of maintaining muscle function for gait.
A decline in gait ability can lead to a restriction in activities of daily living and, subsequently a loss of quality of life. Therefore, it is obviously important to investigate the mechanism and correlates of gait performance and to find useful strategies to prevent the decline in gait ability. As the NILS-LSA is a multidisciplinary longitudinal study, many variables including physical, psychological and medical measurements have been assessed recurrently. We intend to analyze the relationships between gait ability and those other factors longitudinally.
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